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A STUDY OP TWO METHODS OF BAFFLING A WATER-TUBE BOILER.
Presented for Undergraduate Thesis 
by William Black
Charles B. Gibbons.
HISTORICAL SKETCH.
In the early years of the previous century, when the use 
of steam power was just beginning,wood was burned under 
cubical boilers of moderate capacity, but with very little 
heating surface. Even with the advent of the cylindrical 
boiler and the use of coal, little attention was given to pro­
viding enough surface for the absorption of heat. Fuel being 
cheap, the item of fuel cost was comparatively very small.
Even half a century ago, altho the necessity of supplying 
sufficient heating surface was realized, little attention was 
paid to the other factors of boiler economy. The importance 
of supplying sufficient air for complete combustion was but 
little better understood than the undesirability of an excess 
of air which would lower the furnace temperature.
In the last decade, the subject of boiler economy has 
been approached from all sides. Experiment,as well as theo­
retical analysis,has indicated faults and their probable 
remedies. In the late additions to the literature of the 
subject we find a fundamental agreement regarding a number 
of basic principles. These have originated in some measure 
in scientific analysis and have been verified by trial.
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GENERAL THEORY OP BOILER EFFICIENCY AND SMOKE PRODUCTION.
The efficiency of steam generating appliances is found to 
depend; first, uj>on complete combustion of the fuel; second, 
upon the ratio of the cooling effect of the boiler to the 
absolute temperatxire of the furnace.
From this it seems to follow that the furnace should 
be as hot, and the escaping gases as cool, as possible. It 
may be said however that experiment has failed to demonstrate 
the advantage of temperatixres very much above 2500 degrees 
Fahrenheit; also that with chimney draft we rely upon a rather 
high temperature of the escaping gases.
The high furnace temperatxxre requires complete combustion, 
but is vitiated by excess air. The cooling effect of the 
boiler depends upon the amount of heating surface, and upon 
the intimate contact of every portion of the furnace gases 
with this heating surface. Here again excess air is a detri­
ment. So that we find as the result of excess air a lower 
furnace temperature and less cooling of the gases in the 
boiler, the letter due to their increased volume.
Further than the principles above stated we cannot find 
complete agreement. In order to have complete combustion in 
any ordinary furnace, an excess of air above that ideally 
required must be supplied. At some point the losses due to 
this excess air begin to amount to more than the saving due 
to better combustion. This point can be determined for each 
set of conditions only by experiment.
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It is less difficult to determine the point to which 
we will cool the escaping gases. The transfer of heat 
■becomes very slow as the difference in temperature between 
the steam and the escaping gases becomes small. The rapid 
conduction of heat as well as the production of draft determines 
that we must lose some of the heat ideally available.
In the design of heating surface the question at once 
arises whether to carry the gases in a slow thick stream or 
in a thin stream of higher velocity. In the water tube 
boiler, it is not known whether the gases should pass along 
or across the direction of the tubes.
With the burning of bituminous coal for the generation 
of power in our larger cities, another problem to-day con­
fronts the engineer. Modern competition is so keen that he 
must use a cheap bituminous coal, irregular in size, often 
high in ash, and difficult to fire. In the ordinary furnace 
the burning of this cheap coal is accompanied by the discharge 
of much black smoke.
The presence of the vast quanities of soot discharged 
into the atmosphere by the many chimneys of industrial and 
power plants has become a nuisance, and measures are being 
taken in every large city to enforce the installation of fur­
naces in which bituminous coal can be burned without smoke.
This is the surface outline of the problem of smokeless 
combustion. A little study, however, shows us that some of 
the conditions laid down as essential to high economy are in 
themselves inconsistent with the discharge of large quantities
of smoke.
It becomes evident that even after the engineer is 
burning the cheapest coal available, further reduction of the 
coal bill may be expected to result from the installation of 
appliances which will obviate smoke production.
It is not to be understood that the soot in itself 
carries away a considerable amount of fuel, but that the 
presence of smoke is an evidence of conditions to which other 
losses are incident, of incomplete combustion of the hydro­
carbons, and of a low furnace temperature.
The solution of this problem must be reached from one of 
two directions, or both. It involves first, the burning of 
the coal on the grate, and second, the burning and cooling 
of the furnace gases.
The greatest factor in modern progress in the firing of 
coal has been the development of the mechanical stoker. Orig­
inating in response to the general demand for labor saving, it 
has obviated some of the disadvantages of hand firing. The 
fire bed is even and the firing continuous. Intermittent 
opening of the fire door is avoided, hence also the generation 
of smoke after firing.
However, excepting the stokers which operate by a down­
ward draft, or which feed from below, there is an inherent 
fault in the way in which the fuel is distributed over the 
grate. Bituminous coal is largely composed of hydrocarbosos 
which must be distilled before the coal becomes incandescent 
and the carbon begins to burn. During this distillation the
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coal bed, which we may term green, admits less air than 
afterward, but req\iires as much or more to burn these gases. 
Considering only the watertube boiler, it is evident that in 
many designs the currents of gas rise so directly into the 
tubes that intimate mixing cannot take place before they are 
cooled below the point of ignition. Since the gases from the 
green coal must burn in the air which comes thru the thin part 
of the fuel bed, it follows that if they are not thoroughly 
mixed before entering the tube space, these gases are not 
completely burned.
In a paper read in 1904 before the Western Society of 
Engineers, Mr. A. Bement states the conclusion generally 
reached by the steam engineering world, which is, that in 
the ordinary water-tube boiler, there should be a long fire­
brick combustion chamber. The tile-roof furnace of the 
Heine boiler has seemed an efficient means of obviating the 
difficulties mentioned above.
The location of the Engineering Experiment Station of 
the State of Illinois at the University of Illinois in Urbana 
has made it convenient to attack this problem by running 
comparative tests of the Babcock and Wilcox boilers No's 5 
and 6 of the Central Heat, Light, and JPower Plant of the Uni­
versity of Illinois.
One is equipped with a tile-roof furnace and horizontal 
baffling, of a type credited to Mr. A. Bement, and the other 
has the standard Babcock and Wilcox baffling. It was decided 
to conduct a series of boiler trials under similar conditions
6on these two boilers with a vie?/ to determining the effect 
of the horizontal baffling upon Economy, Capacity, and Smoke 
Production. The conclusions reached would seem to be appli­
cable to any Babcock and Wilcox boiler equipped with Roney 
Stokers,and probably to those fired by traveling grate stokes.
DESCRIPTION OP BOILERS NUMBERS 5 AND 6.
The boiler tests from which data was taken for this 
analysis were made upon Babcock and Wilcox v/ater-tube boilers, 
of two hundred and twenty horse po?/er capacity each, equipped 
with Roney stokers, situated in the pov/er plant of the 
University of Illinois, and known as boilers numbers 5 and 6. 
(See figures 1 and 2). Both boilers are mounted in the same 
setting, thus exposing less radiating surface than if mounted 
separately. The flue discharges into a breeching connected 
to a 125 foot brick stack. Discharging into this breeching 
are several other boilers but these were inactive v/hile tests 
y/ere being run. General dimensions of boilers, as to grate 
area, waterheating surface, etc. will be found on the general 
data sheet.
GENERAL OBJECT OP TEST.
The object of this study v/as to determine the effect up­
on economy, capacity and smoke, of standard and horizontal 
baffling, by tests of these boilers.


9METHOD OP CONDUCTING TRIALS.
In running all of those tests the alternate method of 
starting and stopping was used and the following readings 
taken:-
Time.
Weight of coal fired.
Weight of ash and refuse.
Weight of water feed to boilers.
Temperature inside boiler room.
Temperature of outside air.
Temperature of furnace.
Temperature of the gases.
Temperature of feed water.
Temperature of throttling calorimeter.
Pressure of steam.
Draft in breeching.
Draft over the fire.
Smoke in each flue and smoke from the chimney.
INTERVALS OP TAKING READINGS.
Tine was taken at the beginning of firing every 500 lbs.
of coal and simultaneously readings were taken of height of
water in glass and height of water in feed tank.
Time recorded at dumping of each tank of feed water and
the removal of ash and refuse.
Furnace temperatures were taken every thirty minutes, 
andSteam pressureoutside and inside temperatures were taken 
continuously by means of recording gages.
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All other readings were taken every fifteen minutes.
METHOD OP TAKING READINGS.
. <Coal was weighed in 500 ID. lots, feed water measured in 
a 700 lb. sheet iron tank, equipped with overflow. The level 
of water in suction tank and gage glass was recorded at the 
beginning of firing each 500 lbs. of coal.
Furnace temperatures were measured with a Wanner 
Optical Pyrometer.
Drafts were observed by ordinary draft gages.
DETAILS OP METHOD.
Peed water ?:as supplied hot, by boiler feed pump to 
boiler No. 6 from suction tank that held 80 lbs. water per 
inch difference in level, and cold, oy injector for boiler 
No. 5 from suction tank that held 50 lbs. of water per 
difference in level. Charts were prepared by which corrections 
could be made for variation in stream, pressure and variation 
in height of water in glass.
The Roney stokers were fired by experienced men in the 
boiler plant, who are in constant attendance on the boilers 
and know how to work them economically. Observations of 
fire were taken by person in charge, to see that coal was 
burned under most advantageous conditions.
Smoke readings were taken in the last pass of each of 
the boilers by the usual photometry method. Outside smoke 
readings were taken by means of a Ringelmanns Chart. Readings 
were taken every thirty seconds for five minuets, every fifteen
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minutes and the average reading taken as the smoke reading 
for that period.
ACCURACY OF READINGS.
All instruments where possible were calibrated and in no 
case was apparatus used which required any correction. All 
apparatus was standard.
These tests were run in pairs, both boilers working 
simultaneously with the rate of combustion and steam pressure 
kept the same for each pair of tests. The steam pressure 
could be kept equal since both boilers were supplying steam 
to the same main and rate of combustion was regulated by 
adjusting stokers and draft.
The highest draft for No. 6 was .229
With the same draft in the stack a draft of .3 was ob­
tained in No. 5. All tests were run with a light draft, and 
the draft in the two furnaces could be kept nearly the same 
by means of the dampers in the back of the boilers.
Tests numbers 83 and 85 were run with varying draft, 
draft being changed every two hours. This was done to note 
the effect on smoke.
DATA AND RESULTS.
The data and the results of computations are presented 
on page 12. The data obtained in twelve of these trials is 
shown for purpose of comparison by means of graphical logs, 
on pages 13-19.
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COMPUTATIONS.
Some explanation may be made of the method of computing 
these results. In general the A. S. M. E. code was followed 
in detail. The figure for total feed water, item 57, 
is the actual amount of water evaporated, corrected for the 
difference in water level in the boiler, and for the differ­
ence in steam pressure between the beginning and end of the 
trial. The figure for quality, item 56, is the amount of 
water which would be completely evaporated under the same 
conditions by the heat in each pound of water as actually 
evaporated.
In computing the heating surface of the boiler to obtain 
item 64, the equivalent evaporation from and at 212 degrees, 
per square foot of heating surface per hour, the steam drums 
of boiler No. 6 with horizontal baffling were not considered 
effective.
COAL BURNED.
The coal is designated by the index number of the 
Experiment Station. These coals are as follows:- No. 8.14-, 
l l / 2  in. screenings supplied by the Century Coal Co., 
mined at Tower Hill, Illinois. No. 1.14-, 1 1/2 in. screen­
ings supplied by the Kelleyville Coal Co., mined at Kelley 
Mine No. 4, Danville. No. 4 washed pea coal, supplied by 
the Kelleyville Coal Co., mined at Himrod Mine, Danville.
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GRAPHICAL LOGS.
On the graphical logs, the line showing total water 
gives the equivalent evaporation from and at 212 degrees.
It was considered necessary to make this correction. The 
factors of evaporation of the two boilers differed by eight 
or nine percent.
TABLE OP APPROXIMATE PERFORMANCE.
The analysis of the samples of fuel and ash could not 
be completed in tine to be included in this paper. All of the 
items into which the factor of fuel analysis enters are omit­
ted.
For this reason it has been considered desirable to 
tabulate certain items not included in the A. S. M. E. code.
For the purpose of comparison of approximate performance the 
combustible has been estimated as the total weight of coal 
minus the ash and refuse. It will be seen that no allowance 
is here made for the mositure in the coal.
This table is found on page 21.
CONCLUSIONS.
The object of these trials as stated, was to determine 
the relative effect of the horizontal and vertical baffling 
upon the three items:- Economy, Capacity, and Smoke Production.
Economy. - In one instance only, under similar con­
ditions, did boiler No. 6 show as high equivalent evaporation 
as No. 5. Both boilers show the highest economy - at or 
about the rated capacity - with the lowest draft pressures.
SUMMARY OF APPROXIMATE PERFORMANCE
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Yet, altho No. 6 showed a tendency to lower draft pressure 
than No. 5, the economy of No. 6 except for trials No's 73 
and. 74 is lower in every case.
Capacity. - The horizontal baffling, with 26 feet gas 
travel causes a greater drop in draft pressure between the 
damper and the furnace than the vertical baffling with only 
13 feet of gas travel thru the tubes. Consequently it is 
impossible to obtain the same capacity with boiler No. 6 
as with boiler No. 5 when connected to the same stack. It 
must be borne in mind that if independently operating, the 
higher flue gas temperature of boiler No. 6 would tend to 
counteract this.
Smoke. - The smoke produced in boiler No. 6 is always 
less than that in No. 5. In trials No's 83 and 85, run 
with varying draft, for pruposes of comparison as regards 
smoke, it is seen that the smoke produced in No. 6 is always 
inconsiderable.
In explanation of these results we offer the follov/ing 
conclusions.
It is to be observed that altho the furnace temperature 
of boiler No. 6 is always higher from 80 to 200 degrees Fahr­
enheit, with the same conditions, the flue gas temperature 
is also higher. In the trials mentioned in which No. 6 
showed superior economy at aboiit the same capacity and the same 
draft on the fire, the difference in the flue gas temperatures 
was less and the difference in the furnace temperatures 
greater than in any other two trials which may be compared.
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We may then conclude that the failure of holler No. 6 
to utilize the advantage Indicated by a higher furnace tem­
perature, a higher C0a content in the escaping gases, and 
less smoke,is due to the inferior cooling effect exerted 
upon the furnace gases in passing thro the boiler. The 
reason for this is not however directly apparent. According 
to the figures given, the heating surface vrns greater in boiler 
No. 6 than in boiler No. 5. But the steam drum was not 
effective.
The Heine Boiler has shown high efficiency with the flow 
of gases directed along the tubes. Nevertheless, it is in­
dicated that the path across the direction of the tubes is 
more advantageotis than the path in horizontally baffled 
boilers. Mr. A. Bement in comparative tests upon Heine 
Boilers obtained a higher efficiency by lengthening the path 
of the gases, thus causing them to travel as a thinner s'tream 
of higher velocity. In these trials, the longer path of gas 
travel gave a lower efficiency.
Owing to the fact that not one, but several conditions 
in boiler No. 6 were different from those in boiler No. 5, it 
is impossible to definitely locate the cause.
There is one thing which must not be lost sight of. In 
order to burn fuel efficiently in boiler No. 5 a considerable 
excess of air must be used. The same thickness of fire 
and consequently about the same excess of air was used in No.
6. If it can be shown that boiler No. 6 will give complete 
combustion with less excess of air above that ideally
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required, we shall have a less volume of furnace gases at 
a higher temperature. Owing to the lower velocity thru the 
boiler tubes we shall obtain a lower flue gas temperature, 
and under these conditions, about which this investigation 
indicates nothing, we might find No. 6 operating at higher 
economy than No. 5
To determine the effect of the tile-roof furnace alone, 
without so materially altering the other working conditions 
of the boiler, the form of baffling shown in figure No. 3 may 
be suggested. This form of baffling has been used on a 
B. & W. Boiler by the McCormick Harvester Co. at Chicago, 
but no data of any trials is available.
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